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DESCRIPTION 
POURING APPARATUS FOR MOLTEN METAL AND 
CASTING METHOD 

Technical Field 

This invention relates to an apparatus which can be used to pour molten metal 
into a casting mold and to a method of casting a solder product with dispersed metal 
particles. 

Background Art 

Solder products for use in the manufacture of electrical and electronic 
equipment come in a wide variety of shapes of forms, such as ingots, rods, wires, 
pastes, and shaped forms such as pellets and washers. Most solder products consist 
entirely of a solder alloy which melts during a soldering process. However, when 
performing soldering using a solder product made solely of a solder alloy, it is 
sometimes difficult to maintain a desired spacing between two members to be 
soldered to each other. 

For example, in die bonding, in which solder is sandwiched between a 
semiconductor element and a substrate and then the solder is heated to cause it to 
melt, the weight of the semiconductor element acting on the molten solder may cause 
a considerable amount of the molten solder to be squeezed out of the space between 
the semiconductor element and the substrate and reduce the size of the space. The 
reduction in the amount of solder remaining in the space between the two members 
results in a significant decrease in the bond formed by the solder. 

To avoid this reduction in the spacing between members being soldered, solder 
products containing metal particles having a higher melting point than the solder 
(referred to below as metal particles) have been developed. When a solder product 
with dispersed metal particles is disposed between two members and heated, the 
solder melts but the metal particles remain substantially unmelted, so the metal 
particles can maintain a suitable spacing between the two members to hold a 
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sufficient amount of molten solder to ensure a reliable joint between the members. 
Both solder pastes and solder pellets containing metal particles have been developed. 

A solder paste with dispersed metal particles can be prepared simply by adding 
metal particles to a previously manufactured solder paste and stirring. The 
manufacture of solder pellets with dispersed metal particles is more complicated. 
First, metal particles are charged into a large melting pot containing molten solder, 
then the molten solder and the metal particles are stirred with a spatula to disperse the 
metal particles, and then the molten solder and dispersed metal particles are scooped 
from the melting pot with a ladle and cast into a mold for manufacturing a billet. The 
resulting billet is then extruded into the shape of a plate by an extruding apparatus, the 
plate is subjected to rolling, and then the rolled plate is punched with a press to form 
pellets of a desired shape. 

Disclosure of the Invention 

A problem which occurs with conventional methods of manufacturing solder 
products, such as solder pellets, with dispersed metal particles is that a considerable 
amount of time may elapse between when the metal particles are charged into molten 
solder and when the molten solder and dispersed metal particles are cast into a mold. 
If a long time elapses, depending upon the composition of the solder, the metal 
particles may diffuse into the molten solder and significantly decrease in size or 
entirely disappear, no matter how high the melting point of the metal particles. 
Melting of metal particles into molten solder is not so much a problem with 
conventional Sn-Pb solders, which do not readily alloy with metal particles due to the 
high Pb content of the solders. It is a much more significant problem with lead-free 
solders, since such solders contain Sn as a primary component, and Sn readily alloys 
with the metals contained in metal particles. Therefore, when preparing a solder 
product with dispersed metal particles using a lead-free solder, it is difficult to ensure 
that the metal particles will have a desired diameter in the finished product. 

The present inventors realized that if casting of molten solder with dispersed 
metal particles can be carried out soon after charging of the metal particles into the 
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molten solder, the metal particles can be prevented from significantly melting into the 
molten solder, and a superior solder product with dispersed metal particles having a 
desired diameter can be obtained. 

Accordingly, the present invention provides a molten metal pouring apparatus 
for use in casting of a product with dispersed metal particles. Additionally, it 
provides a method of casting a solder product with dispersed metal particles. 

According to one form of the present invention, a molten metal pouring 
apparatus includes a reservoir capable of holding molten metal, a stirrer disposed 
within the reservoir, and a drive mechanism for rotating the stirrer drivingly 
connected to the stirrer. 

According to another form of the present invention, a method of casting a 
solder product with dispersed metal particles comprises placing molten solder into a 
reservoir of a molten metal pouring apparatus, adding metal particles with a high 
melting point to the molten solder, stirring the molten solder to which the high 
melting point metal particles were added with a stirrer to uniformly disperse the high 
melting point metal particles in the molten solder, and casting the molten solder and 
dispersed metal particles into a mold. 

With the present invention, even when preparing a solder product from a lead- 
free solder having Sn as a main component in which metal particles easily melt, metal 
particles can be dispersed in the solder without substantially decreasing in size. 
Therefore, pellets or other shaped members with dispersed metal particles 
manufactured from such a solder can have metal particles of a prescribed size 
uniformly dispersed therein. When such pellets are used for soldering, a prescribed 
gap can be maintained by the metal particles between portions being soldered, and a 
sufficient amount of solder can be maintained in the gap to obtain a strong soldered 
joint. 

In a method according to the present invention, molten solder and metal 
particles can be directly cast from a reservoir in which stirring is performed into a 
mold, so casting into a mold can be performed soon after mixing the molten solder 
and the metal particles without the metal particles significantly melting into the 
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molten solder. 

Brief Description of the Drawings 

Figure 1 is an axonometric view of an embodiment of a pouring apparatus 
according to the present invention. 

Figure 2 is a vertical cross-sectional view of the embodiment of Figure 1. 

Figures 3 A - 3D are schematic cross-sectional views of the embodiment of 
Figure 1 at different steps in a method of casting according to the present invention. 

Best Mode for Carrying Out the Invention 

A preferred embodiment of a molten metal pouring apparatus according to the 
present invention will be described while referring to the accompanying drawings. 
The embodiment of a molten metal pouring apparatus 1 shown in Figures 1 and 2 
includes a reservoir 2 capable of holding molten solder without damage to the 
reservoir 2. The shape and size of the reservoir 2 are not restricted. The illustrated 
reservoir 2 comprises a cylindrical wall and flat top and bottom surfaces, and it has a 
size such that it can be easily lifted and manipulated by a human operator. The upper 
end of the reservoir 2 may be open to the atmosphere, but preferably the upper end is 
capable of being substantially isolated from the outside air to enable an inactive gas 
atmosphere to be maintained within the reservoir 2 during stirring as well as to 
prevent molten solder from being splattered to outside of the reservoir 2 during 
stirring or casting. In this embodiment, the upper end of the reservoir 2 is partially 
covered by a cover plate 4 secured to the upper end of the side wall of the reservoir 2, 
and an arc-shaped lid 5 is pivotably mounted on the cover plate 4 by hinges so that the 
portion of the upper end of the reservoir 2 not covered by the cover plate 4 can be 
selectively opened and closed by the lid 5. Together, the cover plate 4 and the lid 5 
extend over the entire surface area of the upper end of the reservoir 2. The relative 
sizes of the cover plate 4 and the lid 5 are not restricted. In the illustrated 
embodiment, the cover plate 4 extends over approximately 2/3 of the area of the upper 
end of the reservoir 2. The area of the lid 5 is preferably large enough to permit 
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molten solder and metal particles to be easily charged into the reservoir 2 when the lid 
5 is open. 

The reservoir 2 is preferably equipped with a discharge opening for molten 
solder so that molten solder can be directly poured from the reservoir 2 into a mold 
instead of having to be scooped from the reservoir 2 with a ladle, thereby enabling 
molten solder to be discharged from the reservoir 2 more rapidly. In this 
embodiment, a discharge opening is provided by a pouring spout 6 formed on the side 
wall of the reservoir 2 near its upper end. 

The reservoir 2 is equipped with a stirring mechanism for stirring molten 
solder so as to uniformly disperse metal particles in the molten solder. In the present 
embodiment, the stirring mechanism comprises a stirrer in the form of a propeller 9 
and a rotational drive mechanism 10 connected to the propeller by a drive shaft 8 
extending through a hole 7 in the cover plate 4. The rotational drive mechanism 10 is 
not restricted to any particular type and can be selected from a variety of drive 
mechanisms, such as electric motors, hydraulic motors, and pneumatic motors. The 
rotational drive mechanism 10 is supported by a support bracket 1 1 which extends 
upwards from the cover plate 4 of the reservoir 2. 

During stirring of molten solder in the reservoir 2 by the stirring mechanism, 
the molten solder is susceptible to oxidation, so in order to prevent oxidation, an 
inactive gas atmosphere is preferably formed in the upper portion of the reservoir 2 
above the surface of the molten solder. The inactive gas may be nitrogen or any other 
inactive gas conventionally used to form a nonoxidizing atmosphere in soldering. In 
order to make efficient use of an inactive gas, in the present embodiment, the 
rotational drive mechanism 10 comprises an air motor which can be driven by the 
same inactive gas as is used to create an inactive gas atmosphere inside the reservoir 
2. As shown in the drawings, an air inlet of the air motor is connected to a supply 15 
of a pressurized inactive gas by a first gas supply line 12. The gas supply 15, which is 
schematically shown in Figure 2, is not restricted to any particular structure, and may 
include any of a variety of equipment commonly used for supplying compressed gas, 
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such as a compressed gas tank containing an inactive gas, a compressor, and a 
pressure regulator. A second gas supply line 13 has one end connected to an exhaust 
port of the air motor and another end communicating with the interior of the reservoir 
2. A valve 14 may be installed along the first gas supply line 12. By opening and 
closing the valve 14, flow of inactive gas from inactive gas supply can be turned on 
and off to start and stop the operation of the air motor. After the compressed inactive 
gas drives the air motor, it is discharged into the upper portion of the interior of the 
reservoir 2 to form an inactive gas atmosphere. 

The reservoir 2 may be equipped with structure enabling an operator to easily 
and safely transport and manipulate the reservoir 2 while remaining at a safe distance 
from molten solder. In the illustrated embodiment, the reservoir 2 is equipped with an 
elongated handle 3 which is secured to the upper portion of the side wall of the 
reservoir 2 and slopes upwards and away from the reservoir 2. The first gas supply 
line 12 extends along the bottom of the handle 3, and the valve 14 for the first gas 
supply line 12 is mounted on the handle 3 so as to be easily operated by an operator 
grasping the handle 3. The illustrated handle 3 is positioned with respect to the 
pouring spout 6 such that when an operator holds the lower portion of the handle 3 
with his right hand and holds the upper portion of the handle 3 with his left hand, the 
pouring spout 6 faces in the same direction as the operator, thereby enabling molten 
solder to be easily poured into a mold from the pouring spout 6. 

An example of a method of casting a solder product with dispersed metal 
particles using the embodiment of Figure 1 will next be described while referring to 
Figures 3A - 3D, which illustrate different steps in the method. 

1 . First, as shown in Figure 3 A, the lid 5 of the reservoir 2 of the molten metal 
pouring apparatus 1 is opened, and molten solder S which was previously melted in 
an unillustrated melting pot is poured into the reservoir 2 by a ladle H. 

2. Next, as shown in Figure 3B, metal particles K are charged into the molten 
solder S inside the reservoir 2. 

3. As shown in Figure 3C, after the lid 5 of the reservoir 2 is closed, the valve 
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14 on gas supply line 12 is opened and inactive gas is supplied through gas supply 
line 12 to the air motor. The inactive gas drives the air motor and then is discharged 
from the air motor through gas supply line 13 into the upper portion of the reservoir 2 
above the molten solder to form an inactive gas atmosphere. The stirrer comprising 
the propeller 9 is rotated by the air motor, and the metal particles K are uniformly 
dispersed in the molten solder S by stirring. 

4. As shown in Figure 3D, the pouring apparatus 1 is then moved by an 
operator holding the handle 3 to the vicinity of a mold C, and the reservoir 2 is tilted 
by the operator to pour the mixture of molten solder S and metal particles K into the 
mold C from the pouring spout 6. 

If metal particles are simply charged into molten solder in the reservoir 2 in the 
second step, the metal particles may not be readily wet by the molten solder and may 
float on the surface of the molten solder instead of being uniformly dispersed, even 
when stirring is performed. If the metal particles are instead first mixed with a flux so 
as to coat the surface of the metal particles with the flux and then the mixture of metal 
particles and flux is charged into the molten solder, the metal particles can be readily 
wet by the molten solder and uniformly dispersed by stirring. 

To illustrate the effects of the present invention, solder pellets containing 
dispersed metal particles were prepared from a Sn-Cu-Ni based lead-free solder and 
Ni particles with a diameter of 80 micrometers. The solder was melted in a melting 
pot and then poured into the reservoir 2 of a pouring apparatus in the manner shown 
in Figure 3A. In order to enable the Ni particles to be wet by the molten solder, the 
particles were first mixed with a flux, and then the mixture of particles and flux was 
charged into the molten solder. The contents of the reservoir 2 were stirred with the 
stirrer and then cast into a cylindrical mold for a billet. The resulting billet was 
extruded to form an elongated plate, which was then rolled to a thickness of 0.1 mm 
with a rolling mill. The rolled plate was then punched to form pellets measuring 10 x 
10 mm. 

For comparison, pellets containing dispersed metal particles were prepared by 
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a conventional manufacturing method. Namely, a Sn-Cu-Ni based lead-free solder 
was melted in a melting pot, and a mixture of Ni particles and flux was charged into 
the molten solder. The molten solder and the mixture were stirred with a metal 
spatula and then scooped out of the pot with a ladle and cast into a mold to form a 
billet. The resulting billet was extruded, rolled, and punched in the same manner as 
described above to form pellets measuring 10x10 mm. 

Cross sections of the pellets prepared by the method of the present invention 
and by the conventional method were observed under a microscope. In the pellets 
prepared by the method according to the present invention, the Ni particles had a 
diameter of roughly 70 - 80 jim, indicating little melting of the Ni particles into the 
molten solder prior to casting. In contrast, in the pellets prepared by the conventional 
method, the Ni particles had a diameter of at most 40 micrometers, indicating that 
significant melting of the particles into the molten solder had taken place during the 
process of manufacturing the pellets. 

Industrial Applicability 

A molten metal pouring apparatus according to the present invention is suitable 
for dispersing metal particles in molten solder, but it can also be used for melting or 
alloying of metals which readily oxidize in air. 



